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DISPOSABLE ASSEMBLY CONTAINING A
SKIN PIERCING ELEMENT

CROSS-REFERENCES TO RELATED
APPLICATIONS

This patent application claims priority to International
Application No. PCT/GB2006/000411 having an interna-
tional filing date of Feb. 7, 2006 which claims priority to GB
0502840.2 filed on Feb 7, 2005, all of which are incorporated
herein by reference in their entirety.

FIELD OF THE INVENTION

The present invention relates to improvements in or relat-
ing to devices used in the fields of drug delivery or sampling.
Such devices are used to deliver drugs (or other substances) or
take samples by first piercing the skin, and may be used with
humans or animals. In particular, the present invention relates
to an assembly for use with an actuator device. More particu-
larly, the present invention relates to a disposable assembly
containing a skin piercing element, the actuator device which
receives the assembly causing the skin piercing element to
enter the skin, on actuation of the actuator device, to deliver a
drug (or other substance) or take a sample. The present inven-
tion also relates to an assembly which displays an indication
that it already has been used or is disabled and therefore made
safe after actuation of the actuator device, such that the
assembly is prevented from reuse and more preferably still
the skin piercing element is safely housed in the assembly
such that it does not constitute a “sharps” risk.

The term skin piercing element as used herein is used in a
context which covers not only traditional capillary needles,
but also other skin piercing or skin entering elements includ-
ing, for example, lancets, drive pins, or a pioneer projectile.

BACKGROUND TO THE INVENTION

The applicant has developed a novel approach to drug
delivery which is described in full in international patent
applications PCT/EP02/10394 and PCT/EP03/07859. The
content of both these applications are included by reference.

In international patent application PCT/EP02/10394 and
referring in particular to FIG. 16 of PCT/EP02/10394, there is
illustrated a delivery or actuator device fitted with a dispos-
able assembly, the disposable assembly being referred to as a
drug cassette. The disposable assembly comprises a casing
having a central aperture or chamber in which is mounted an
injectate comprising a pioneer projectile and a formulate or
drug. The pioneer projectile may be inert or a pharmaceutical
product. The pioneer projectile and drug may be separate or a
single unit, for example, in the form of a single rod or pin or
needle type structure; the pioneer projectile being the sharp or
piercing end of the rod.

A large headed ejector pin (also referred to as a drive pin)
comprising a flathead and an elongate body is positioned over
the injectate so that when the ejector pin is contacted, in use,
by a striker or hammer, the injectate is pushed along the
central aperture or chamber and out into the patient. A resil-
ient member, such as a rubber block, urges the ejector pin
back a little after injection.

The disposable assembly is loaded into the actuating
device by, for example, screwing it into the lowermost end of
the inner housing.

The disposable assembly is shaped such that when it is in
contact with the skin it pre-tensions the skin to actuation. This
ensures that the injectate will penetrate the skin rather than
just stretch the skin.

10

30

35

40

45

60

2

Where the ejector pin or drive pin is used with a needle or
lancet the non skin contacting end of the needle or lancet may
constitute the pin and typically, though not essentially, a drive
head will be provided thereon.

The ejector pin is designed to push the injectate beyond the
end of the actuator device by up to (say) 2.5 mm. This means
that the end of the ejector pin (which preferably has the same
profile and diameter as the end of the pioneer projectile)
might just penetrate the skin to ensure that the injectate has
been fully administered into the skin.

When the actuator device is actuated the striker or hammer
travels along the striker guide until it contacts the head of the
ejector pin with a force that causes the injectate to pierce the
skin. The ejector pin continues to push the formulation into
the patient to the required depth, which is determined by the
length of the injectate and the extent to which it is pushed by
the ejector pin. A rubber stop is squashed by the ejector pin
head during delivery of the injectate but the elastic properties
of the rubber stop enable the tip of the ejector pin to be
withdrawn into the disposable component of the device.

The later filed application, PCT/EP03/07859, describes in
more detail a drug delivery device suitable for delivering
drugs using a pioneer projectile instead of a traditional needle
to pierce the skin. However, the device may also be used to
cause a traditional capillary needle or needle lancet to pierce
the skin, as described with reference to FIG. 4 therein.

SUMMARY OF THE INVENTION

The present invention addresses a number of problems
associated with the disposable assembly or drug cassette used
in association with an actuator device of the type disclosed in
international patent applications PCT/EP02/10394 and PCT/
EP03/07859, but additionally has application in or with other
devices used in either drug delivery to humans or animals or
in the obtaining of samples from humans or animals.

In particular the principles and arrangements described can
be used with skin piercing elements such as:

Needle lancet assemblies;

Capillary needle assemblies;

‘Tine’ test assemblies; and

Pioneer projectiles.

Thus, it is an object of the present invention to provide a
disposable assembly containing a skin piercing element for
an injection or sampling device which precludes re-use of the
assembly once it has been actuated.

In this regard the ImplaJect® system described in interna-
tional patent applications PCT/EP02/10394 and PCT/EP03/
07859 is so easy to use, it is possible to reinsert a ‘used’
cassette or assembly into the actuator device and re-actuate
the actuator device and assembly against the skin. This is an
issue because:

It may be believed that an injection has been made;

There is a chance that the drive pin in the cassette, which
protrudes from the cassette during the injection, strikes
the skin of the patient; and

If the cassette has previously been used on an infected
patient then it is possible that an infection could be
passed to another patient.

Such a drug cassette is designed to contain a drive pin,
therapeutic agent or drug and a pioneer projectile as described
in the patent applications identified. However, an alternative
use of the cassette is to incorporate a capillary needle or lancet
rather than a pioneer projectile. The capillary needle or lancet
may be driven by a separate drive pin although it will be
appreciated that in such circumstances a drive pin may not be
necessary.
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Needle lancets are commonly used by diabetics who need
to take a sample of blood to check their blood glucose levels.
Needle lancets are also used for obtaining samples for other
medical conditions. For some diagnostic tests a sample of
interstitial fluid, rather than blood, may be sufficient in which
case amore superficial penetration of the skin is required. The
depth of insertion of the lancet could be altered either by
adjusting the spring strength within the ImplaJect® device or
alternatively, assemblies could be produced with different
length lancets.

It may also be possible to take tissue samples (biopsy) in
addition to fluid samples.

Thus, for use with a needle lancet, the strength of the main
‘driving’ spring within the ImplaJect® device can be reduced
from the force currently required for a pharmaceutical prod-
uct. This is because a needle lancet can be a much finer
diameter than a pharmaceutical product and have a much
sharper tip. The rest of the design for the actuation device can
otherwise be identical to the current ImplaJect® device.

Current designs for needle lancets either comprise a fully
disposable device or they comprise a reusable actuator device
and a disposable lancet. There are a number of issues with the
current designs of needle lancet. These are:

Some lancets do not ‘auto-destruct’ and can therefore be

used more than once;

Some lancets leave an exposed lancet following the proce-
dure. Itis possible that this lancet could be contaminated
with a blood borne disease and it is therefore dangerous
and care needs to be taken with disposal;

Many of the lancet designs rely on the user pressing firmly
on the target tissue and then actuating the device in order
to obtain a successful skin prick. This process relies on
the coordination of the patient to actuate the device when
sufficient pressure is being applied to the tissue;

Some of the reusable actuators for the needle lancets
require multiple steps to load a lancet, actuate the device
and then dispose of the lancet and so are inherently
complicated;

Some of the disposable lancets are more complicated and
therefore more expensive to manufacture;

Some of the lancets have removable ‘tags’ which must be
removed by the patient prior to the needle prick. This
means that there is subsequently more than one compo-
nent to dispose of following the procedure.

Use of the ImplaJect® actuator device with a disposable
assembly of the invention overcomes all of these issues which
is not the case with current commercial designs of needle
lancet.

An additional application of the needle lancet design
would be to incorporate multiple lancets which could then be
used for a “Tine’ test. This test has been used routinely in the
past for testing for tuberculosis. A small quantity of tubercu-
lin solution is coated onto a number of needle lancets which
are pushed into the skin. The injection site is then assessed
visually to determine if a reaction has occurred in the skin.
This type of test could use single or multiple lancets in the
assembly and could be adapted for any kind of allergy testing.

Thus, an ideal assembly design will not be able to be
operatively inserted into the ImplaJect® device or an alterna-
tive actuator device such that it could be actuated for a second
time. In this regard, it should be noted that a key feature of the
ImplaJect® actuator device is it can only be actuated with a
full depression stroke and can only be actuated again follow-
ing completion of an actuation cycle.

According to a first aspect of the present invention there is
provided an assembly for use with an actuator device com-
prising,
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i a housing configured to allow operative connection to the
actuator device;
the housing having a channel adapted to receive a skin pierc-
ing element such that on actuation of the actuator device the
skin piercing element is, at least in part, displaced from an end
of the housing to penetrate the skin; and
ii an indicating and/or disabling mechanism; the indicating
mechanism signalling when the assembly has been used
and the disabling mechanism rendering the assembly
disabled, after actuation of the actuator device.

Preferably, the assembly is for single use only and can be
disposed of after actuation of the actuation device and assem-
bly.

The assembly may be fabricated from a number of com-
ponents or as a single unit, for example, the assembly may be
moulded or pressed as a single piece.

The force imparted by the actuator device to the assembly
is sufficient to drive the skin piercing element to pierce the
patient’s skin. The force may be generated within the actuator
device using a spring, for example. Preferably, the spring is a
compression spring.

Generally speaking, actuation of the actuator device occurs
when the assembly, connected to the actuator device, is
pressed against the skin of a patient and sufficient force is
applied to displace the skin piercing element from the end of
the housing to penetrate the patient’s skin. A single actuating
cycle is completed when the force is released, removing the
assembly from the patient’s skin and the assembly and actua-
tor device revert back to their original position relative to each
other.

Preferably, the channel of the assembly contains a skin
piercing element or plurality of skin piercing elements. The
skin piercing element can be, for example, a needle, a plural-
ity of needles, a capillary needle, a lancet, a solid needle, or a
tine needle. The skin piercing element may also equally be a
pioneer projectile.

The pioneer projectile may be inert or a pharmaceutical
product. The pioneer projectile and drug may be separate or a
single unit, for example, in the form of a single rod or pin or
needle type structure; the pioneer projectile being the sharp or
piercing end of the rod.

Preferably, the assembly comprises a stem for engaging the
actuator device, the stem defining at least a portion of the
channel. As pressure is applied to the actuator device by the
user, this pressure builds as a force in the spring. When the
force in the spring reaches a predetermined value, the actuator
device is triggered and a hammer or striker travels along the
stem imparting an impact force to the skin piercing element.
Preferably, the stem is of a length to allow force generated by
the actuator device to be delivered to the assembly. The length
of the stem may also be varied to accommodate different
lengths of skin piercing element.

Preferably, the assembly is manufactured from a minimal
number of components to simplify manufacture. In a pre-
ferred embodiment the housing comprises two main compo-
nents, a stem and a skin contacting component located at a
leading end of the stem remote from the actuator device; the
channel running the length of the stem and through the skin
contacting component.

The skin contacting component has a primary skin tension-
ing surface. During actuation of the actuator device, the pri-
mary skin tensioning surface creates tension in the patient’s
skin at and around the point of entry of the skin piercing
element. This local tensioning of the skin stimulates nerve
ends at and around the area of contact between the primary
skin tensioning surface and the patients skin making the
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patient’s skin less sensitive to the skin piercing element, thus
reducing the patient’s discomfort caused by the skin piercing
element.

Furthermore, the tensioning of the skin local to the point of
entry of the skin piercing element not only reduces the skin
thickness at the point of entry of the skin piercing element but
also stretches the skin to create a stretched membrane having
a substantially reduced elasticity compared to the un-ten-
sioned skin, making it easier for the skin piercing element to
penetrate the skin. This is particularly advantageous when
using a pioneer projectile which may not be as able to pen-
etrate skin as would a conventional needle, for example.
Furthermore, skin tensioning local to the point of entry of the
skin piercing element allows the use of a reduced force by the
actuator device than would otherwise be required, again
reducing the discomfort which would otherwise be caused to
the patient.

The primary skin tensioning surface has a skin contact area
greater than the skin contact area of the skin piercing element.
The primary skin tensioning surface maybe knob, spherical or
part spherical in shape. Preferably, the primary skin tension-
ing surface is cone shaped, tapering towards a leading end.
Preferably, the leading end of the cone is of a curved shape.
Alternatively, the leading end of the cone maybe be truncated
giving itaflattened end. The diameter ofthe leading end of the
primary skin tensioning surface is less than 6 mm. Preferably,
the diameter of the primary skin tensioning surface is less
than 3 mm.

The skin contacting component may also have a secondary
skin tensioning surface located intermediate the primary skin
tensioning surface and a trailing end of the assembly. The skin
contact area of the secondary skin tensioning surface is
greater than that of the primary skin tensioning surface. The
secondary skin tensioning surface spreads the tension force
applied to the skin by the primary skin tensioning surface over
a larger area thus further reducing the discomfort of the
patient.

Preferably, the skin contact surface of the secondary skin
tensioning surface is curved. For example, the secondary skin
tensioning surface maybe spherical or mushroom shaped.

Preferably, the diameter of the secondary skin tensioning
surface is at least equal to the diameter of the actuator device.

Preferably, the secondary skin tensioning surface is curved
atan angle of between 0° to 45° relative to a longitudinal axis
of'the actuator device and in the direction from leading end to
trailing end of the assembly.

The skin contact surface of the primary and/or secondary
skin tensioning surface maybe roughened to improve the
tensioning of the skin contacting the skin tensioning compo-
nent.

The disposable assembly may advantageously include a
drive pin located within the housing, the drive pin communi-
cating force generated by the actuator device to the skin
piercing element. This allows the force to be more effectively
channeled from the actuator device to the skin piercing ele-
ment.

Preferably, the drive pin has a diameter equal to, or sub-
stantially equal to, the diameter of the skin piercing element.
Optionally, the drive pin has a greater diameter than the skin
piercing element. The drive pin may also have a more sub-
stantial or thickened end portion adjacent the actuator device,
further improving the channeling of force between the actua-
tor device and the skin piercing element.

Preferably, the thickened end portion of the pin lies flush
with the inner wall surface of the stem promoting smooth
movement of the pin along the channel.

5

10

15

20

25

30

35

40

45

50

55

60

65

6

The disabling mechanism is a design feature of the assem-
bly. The actuator device and assembly can’t be re-actuated
until the disposable assembly has been withdrawn from the
actuator device after the actuation cycle is completed. In
general, the disabling mechanism may operate in two ways;

i. cause the configuration of the stem of the assembly, by
which it is operatively connected to the actuator device,
to be altered in a manner which restricts movement of
the actuator device along the length of the stem which is
required to complete actuation of the assembly; or
cause the needle or other skin piercing or skin entering
element to be automatically locked within the channel in
a position such that it is precluded from being reused
even when actuation of the actuator device is attempted.

The disabling mechanism of the assembly includes at least
one actuatable member. Actuation of the actuator device
causes the operation of the actuatable member. The actuatable
member moves from a first position before actuation of the
actuator device to a second position after actuation of the
actuator device. Movement of the actuatable member from
the first to the second position prevents a subsequent use or
actuation of the assembly by the actuator device.

Typically, the disposable assembly is T shaped when
viewed in transverse section, the T’s cross piece forming the
skin contacting component and the stem serving as the male
mating member for insertion into the female mating member
(opening) of the actuator device. In this configuration the
assembly is slidably mounted in the actuator device. Thus, if
all or a part of the stems configuration is altered by the action
of the actuatable member or members, after actuation of the
assembly by the actuator device, then the assembly can not be
reactuated because the actuator device is restricted from mov-
ing down the length of the stem required to actuate the assem-
bly.

The actuatable member or members may, for example,
extend in a lateral direction across the channel after actuation
of the actuator device restricting a second actuation of the
assembly by the actuator device.

The actuatable member or members may extend outwardly
of the stem wall to restrict the actuator device sliding along
the length of the stem. For example, the stem of the assem-
bly’s housing, which serves as the male member for insertion
into the female member (opening) of the actuator device, is
modified such that on use, a single actuating member is, after
actuation of the actuator device, able to extend through an
aperture (or apertures) in the stem wall so as to prevent re-
actuation of the assembly by the actuator device by restricting
sliding of the actuator device along the stem of the assembly.

More specifically, the assembly may comprise an actuating
member such as a sprung or hinged ring which is seated in the
channel in a first position. In this first position it is in a
compressed or folded state due to the restraining effect of the
channel forming walls of the stem. However, when the actua-
tor device is actuated the skin piercing element and/or drive
pin is pushed along the channel and into a patient. At the same
time, the actuating member is moved down the channel until
on completion of actuation of the actuator device, the actuat-
ing member is aligned with the aperture(s) in the stem and
partially expands into the aperture(s) such that is unable to
move back up the channel as the skin piercing element and/or
drive pinis retracted after actuation of the actuator device into
the channel by the action of a return spring. On completion of
actuation of the actuator device, the ring is unable to fully
expand because the outer surface of the stem wall is in abut-
ment with the inner wall of the actuator device, i.e. the actua-
tor device is fully depressed along the stem. However, after
actuation of the actuator device, the actuator device slides

jard
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back along the stem away from the skin contacting compo-
nent and back to its original position such that the sprung or
hinged ring is able to fully expand such that it extends beyond
the aperture(s) preventing the actuator device sliding along
the length of the stem and thus preventing the actuation of the
assembly for a second time. The effect is that the assembly
becomes disabled after first actuation.

It is also envisaged that part of the stem wall itself may be
displaced in an axial direction after actuation of the assembly
by the actuator device, restricting movement of the actuator
device along the length of the stem and thus disabling the
assembly after first actuation.

More specifically, the housing may comprise a first actu-
atable member (e.g. a release plunger), which when acted
upon during the actuating action of the device is moved from
a first position in which it acts as a locking member, by acting
as a stop to a second actuatable element, (e.g. a slide detent or
a portion of the stem wall), to a second position in which it
leaves the second actuatable member free to move from a first
position, in which it lies flush with the rest of the stem wall to
a second radially expanded position under the action of a
resilient member (e.g. a compression wing spring which may
be integral with the second actuatable element) which is
prevented from exerting it’s force until after actuation of the
actuator device. This is because the actuator device, once
fully depressed along the stem will hold the moveable portion
of the stem wall in position. After actuation, the actuator
device slides back along the stem returning to its original
position and allowing the spring to radially expand the por-
tion of the stem wall. This action will restrict movement of the
actuator device along the length of the stem preventing further
actuation of the assembly by the actuator device, thus dis-
abling the assembly.

The disabling mechanism may be an integral part of the
assembly housing and in the embodiment referred to above
comprises a first actuatable member and a second actuatable
member having associated therewith a resilient member.

Alternatively, the actuatable member or members may
extend inwardly of the stem wall to restrict movement of the
needle or drive pin. The actuatable members may, for
example, trap the thickened end portion of the drive pin,
preventing or restricting its further movement along the chan-
nel of the assembly after first actuation of the assembly, thus
disabling the assembly. The actuatable member(s) may lock
the needle or drive pin in an extended position or allow the
needle or drive pin to be withdrawn back into the housing by
the action of a return spring, for example, and lock the needle
or drive pin in the retracted position thus preventing the
actuator device driving the needle or drive pin from the hous-
ing on further actuation of the assembly by the actuator
device, thus disabling the assembly.

One way of achieving this is by the provision of a pair of
actuatable members, e.g. sprung stem wall members, which
are biased to move into the channel but which are precluded
from doing so by opposing slidable counter biasing members
present in the channel which act against the actuatable mem-
bers until they are moved away therefrom, during actuation of
the actuation device

More specifically, a first sprung stem wall member is, at
rest, precluded from moving to it’s favoured position by a first
counter biasing member, e.g. the head of the drive pin, and a
second sprung stem wall member is, at rest, precluded from
moving to it’s favoured position by a second counter biasing
member, e.g. a ring member.

However, on actuation of the actuator device, the needle
and drive pin are pushed down the channel taking the ring
member with it. As the needle and drive pin travel down the
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channel the drive pin head which, prior to actuation of the
actuator device, counters the first sprung stem wall member,
reaches a point where it no longer restrains the sprung stem
wall member and so the sprung stem wall member is able to
move into the channel above the drive pin’s head thereby
preventing retraction of the needle/drive pin. As the drive pin
continues to travel down the channel the head of the pin
makes contact with the second counter biasing member and
together the two continue to move down the channel. At this
point the drive pin’s head replaces the ring member as the
second counter biasing member and the ring member is
moved further down the channel.

It is only after actuation the actuator device, when the
needle and drive pin retract up the channel by the action of a
light coil spring or other resilient member and once the drive
pin’s head returns past the second sprung stem wall member
that the second sprung stem wall member is able to move into
the channel thus retaining the needle/drive pin such that it is
trapped between the two actuated sprung stem wall members.

This design of assembly will still enable the assembly to be
placed in, for example, the ImplaJect® device. However,
actuation of the actuator device will not enable the pin (or
lancet) to be pushed from the assembly.

Alternatively, the actuatable member or members may be
located on a shaft of the needle or drive pin, which after
actuation of the assembly by the actuator device, extend out-
wardly from the needle or drive pin to engage a stop member
within the stem which prevents the needle or drive pin being
withdrawn back into the assembly. In this way, it is visually
clear to a user that the assembly has already been used and
will appropriately dispose of the used assembly and replace it
with an unused assembly. In this way, the disabling mecha-
nism may also act as an indicating mechanism.

Preferably, the indicating mechanism is a deformable
member located on the exterior of the stem along a length
thereof, the deformable member engagable with the actuation
device on actuation thereof.

The deformable member may be, for example, a cover for
the stem. The cover being of a frangible material surrounding
at least a portion of the length of the stem. On actuation of the
actuator device, the actuator device slides along the stem,
engages the cover and crumples the cover between the actua-
tor device and the skin tensioning component. The crumpled
cover is a visual indication that the assembly has been used
which will prompt the user to dispose of the used assembly in
an appropriate manner and to replace the used assembly with
a new un-used assembly. In addition, the external surface of
the stem beneath the cover may have a sign further visually
indicating that the assembly has been used when the cover is
crushed to reveal the sign. The sign may be, for example, a
suitable word such as “used”. The sign may be luminescent
for ease of visual recognition.

Alternatively, the cover may have a weakened section
which is crushed on actuation of the assembly by the actuator
device. The weakened section may be a prefolded or corru-
gated section of the cover.

It will be appreciated that the features of these alternative
approaches and embodiments can be combined.

According to a further aspect of the invention there is
provided an actuator device fitted with an assembly of the
invention. Whilst such an assembly will generally be used
with a reusable device, it could form part of a single use
disposable actuator device.

Various aspects and embodiments of the invention will
now be described, by way of example only, with reference to
FIGS.11t016. FIGS.1to 3 are included by way of background
and describe a known actuator device, it’s mode of operation
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and an assembly of the prior art, referred to as a cassette,
containing a pioneer projectile and pin assembly. The actua-
tor device and assembly of FIGS. 1 to 3 are more fully
described in international patent applications, PCT/EP02/
10394 and PCT/EP03/07859.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a cross-sectional view, taken along a longitudinal
axis, of a reusable actuator device and assembly of the prior
art;

FIG. 2a illustrates the actuator device and assembly of FIG.
1 prior to actuation of the actuator device;

FIG. 2billustrates the actuator device and assembly of FIG.
1, the actuator device fully depressed along a stem of the
assembly during actuation of the actuator device;

FIG. 2cillustrates the actuator device and assembly of FIG.
1 after actuation of the actuator device clearly showing a skin
piercing element (in this case, a pioneer projectile) being
ejected from the assembly;

FIG. 3 is a more detailed view of the assembly (packaged
drug) of FIGS. 1 and 2 shown here with the pioneer projectile/
drug in a first position prior to actuation of the actuator device,
housed within the assembly, and a second position, ejected
from the assembly after actuation of the actuator device;

FIG. 4a is a cross sectional view taken along a longitudinal
axis of a disposable assembly comprising a disabling mecha-
nism according to the present invention, shown here without
skin piercing element or drive pin;

FIG. 454 is a plan view of the assembly of FIG. 4a;

FIG. 5a is a cross sectional view taken along a longitudinal
axis of another embodiment of disposable assembly accord-
ing to the present invention (shown in part and in a state prior
to actuation) comprising an alternative disabling mechanism;

FIG. 55 is a similar view of the assembly of FIG. 5a shown
during actuation of the actuator device;

FIG. 5c¢ is a similar view of the assembly of FIG. 5a shown
after actuation of the actuator device and in a disabled state;

FIG. 6a is a cross sectional view taken along a longitudinal
axis of a further embodiment of disposable assembly accord-
ing to the present invention (shown in part and in a state prior
to actuation of the actuator device) comprising an alternative
disabling mechanism;

FIG. 65 is a similar view of the assembly of FIG. 6a shown
during actuation of the actuator device;

FIG. 6c¢ is a similar view of the assembly of FIG. 6a shown
after actuation of the actuator device and in a disabled state;

FIG. 7a is a side view of an assembly of the present inven-
tion shown attached to an actuator device, the assembly
clearly showing a skin contacting component at a leading end
thereof comprising a primary skin tensioning surface in the
form of a truncated cone and a mushroom shaped secondary
skin tensioning surface;

FIG. 754 is a cross sectional side view of the assembly and
actuator device of FIG. 7a taken along a longitudinal axis
thereof, showing internal components of the assembly and
actuator device;

FIG. 8 is a perspective view and from above of the assem-
bly of the present invention and an actuator device, shown
here in a disconnected state;

FIG. 9a is cross sectional view taken along a longitudinal
axis of another embodiment of disposable assembly showing
a combined disabling and indicating mechanism, the assem-
bly illustrated prior to actuation of the actuator device;

FIG. 9bis similar view to the assembly of FIG. 9a, showing
the assembly after actuation of the actuator device;
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FIG. 9¢ is a perspective view of the assembly of FIG. 95 in
which the drive pin, locked in position, is clearly visible at the
leading end of the assembly;

FIG. 9dis an exploded perspective view of the assembly of
FIG. 9a;

FIG. 104 is a perspective view of yet another embodiment
of'disposable assembly showing an alternative combined dis-
abling and indicating mechanism, the assembly illustrated
prior to actuation of the actuator device;

FIG. 1054 is similar view to the assembly of FIG. 10a
showing the assembly after actuation, expandable wings
intermediate the skin contacting component and stem clearly
visible and restricting movement of the actuator along the
stem inhibiting further actuation;

FIG. 10c¢ is a cross sectional perspective view of the assem-
bly of 104 taken along a longitudinal axis thereof and show-
ing internal components of the assembly;

FIG.10d is a cross sectional perspective view ofthe assem-
bly of 105 taken along a longitudinal axis thereof and show-
ing internal components of the assembly;

FIG. 10e is a cross sectional side view of the assembly of
10a taken along a longitudinal axis thereof and showing
internal components of the assembly;

FIG. 10fis a cross sectional side view of the assembly of
105 taken along a longitudinal axis thereof and showing
internal components of the assembly;

FIG. 10g is an exploded perspective view of the assembly
of FIG. 10a;

FIG. 10/ is a side view of the assembly of FIG. 105 con-
nected to the actuator device (shown in part), clearly showing
the expanded wings restricting movement of the actuator
device along the stem of the assembly;

FIG. 10i is a cross sectional side view of the assembly and
actuator device (shown in part) of FIG. 10/ taken along a
longitudinal axis thereof;

FIG. 11a is a perspective view of yet another embodiment
of'disposable assembly similar to that illustrated in FIGS. 10a
to 10 showing an alternative shape of expandable wings, the
assembly illustrated after actuation of the actuator device;

FIG. 115 is an end view from the trailing end of the assem-
bly of FIG. 11aq;

FIG. 11c¢ is an exploded perspective view of the assembly
of FIG. 11a;

FIG. 11d is perspective view from a different angle of the
assembly of FIG. 114, shown here connected to an actuator
device (shown in part);

FIG. 11eis a cross sectional side view of the assembly and
actuator device of FIG. 114 taken along a longitudinal axis
thereof, the actuator device shown here closer to the skin
contacting component of the assembly;

FIG.12a is a partially transparent side view, showing inter-
nal components, of another embodiment of disposable
assembly illustrating an alternative combined disabling and
indicating mechanism, the assembly shown connected to the
actuator device (shown in part) and prior to actuation;

FIG. 124 is a side view of the assembly and actuator device
of FIG. 12a;

FIG. 12¢ is a side view of the assembly and actuator device
of FIG. 12a after actuation of the actuator device, clearly
showing the wings extending through apertures in the stem
wall of the assembly, thus restricting movement of the actua-
tor device along the length of the stem, thus disabling the
assembly preventing further actuation;

FIG. 12d is a cross sectional side view of the assembly and
actuator device of FIG. 124 taken along a longitudinal axis
thereof, showing internal components;
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FIG. 12¢ is a cross sectional side view of the assembly and
actuator device of FIG. 12a taken along a longitudinal axis
thereof, showing internal components and the fully depressed
position of the actuator device relative to the assembly on
completing actuation of the actuator device;

FIG. 12fis a cross sectional side view of the assembly and
actuator device of FIG. 12a taken along a longitudinal axis
thereof, showing internal components and the expanded
wings clearly protruding from the apertures in the stem wall
after actuation of the actuator device and showing the fully
retracted position of the actuator device along the stem when
the actuation cycle has been completed;

FIG.12gis a perspective view of the assembly and actuator
device of FIG. 12¢;

FIG. 12/ is a further perspective view of the assembly and
actuator device of F1IG. 12g shown here in cross section taken
along a longitudinal axis of the assembly and actuator device
(shown in part);

FIG. 12i is a perspective view of the disabling or indicating
winged component of the assembly of FIG. 12a;

FIG. 13a is a perspective view and from the leading end of
another embodiment of disposable assembly illustrating an
indicating mechanism in the form of a cylindrical cardboard
covering or foil having a weakened or pre-folded portion
which crumples on engagement with the drive pin during
actuation of the actuator device, thus visually illustrating
when the assembly has been used, the assembly shown here
prior to actuation of the actuator device;

FIG. 134 is a perspective view and from the trailing end of
the assembly of FIG. 13a;

FIG. 13c¢ is a cross sectional side view taken along a lon-
gitudinal axis of the assembly of FIG. 134, showing internal
components;

FIG. 13d is a perspective view of an actuator device having
a disposable elongate extended portion for receiving the
assembly of FIG. 13a;

FIG. 13e is a perspective view, from a different angle, of an
actuator device of FIG. 13d;

FIG. 13f1is a perspective view demonstrating insertion of
the assembly of FIG. 13« into the elongate extended receiving
portion of the actuator of FIG. 134, the arrows indicating the
direction of travel of the assembly;

FIG.13gis a perspective view of the assembly and actuator
device of FIG. 13f'shown here in cross section taken along a
longitudinal axis of the assembly and actuator device, illus-
trating the un-crumpled cardboard covering and the position
of internal components prior to actuation of the actuator
device;

FIG. 13% is a similar view of the assembly and actuator
device of FIG. 13g shown after an actuation cycle has been
completed and the resulting crumpled portion of the weak-
ened or pre-folded portion of the cardboard covering;

FIG. 13 is a perspective view of the assembly of FIG. 134
removed from the actuator device after completion of the
actuation cycle, clearly showing the crumpled portion of the
cardboard covering, thus giving a visual indication that the
assembly has been used and should be disposed of;

FIG. 14a is a perspective view and from the trailing end of
an embodiment of disposable assembly similar to FIG. 13«
illustrating an indicating mechanism in the form of a card-
board covering which surrounds the stem and crumples com-
pletely on engagement with the actuator device during actua-
tion, thus visually illustrating when the assembly has been
used, the assembly shown here prior to actuation of the actua-
tor device;

FIG. 1454 is a perspective view of the assembly of FIG. 14a
together with actuator device, shown in part, the actuator
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device travelling in the direction of the arrow on actuation of
the actuator device engaging and crumpling the cardboard
covering surrounding a length of the stem;

FIG. 14c¢ is a perspective view of the assembly of FIG. 14a
after actuation of the actuator device and its removal there-
from, showing the crumpled cardboard covering and fluores-
cent sign underneath, clearly indicating that the assembly has
been used and should be disposed of;

FIG. 15a is a perspective view and from the trailing end of
an embodiment of disposable assembly illustrating an alter-
native indicating mechanism in the form of a rupturable foil
covering an open end of the stem at the trailing end of the
assembly and which receives the actuator device, the foil
being ruptured by the actuator device on insertion of the
assembly therein;

FIG. 155 is a perspective view of the assembly of FIG. 154
showing the foil ruptured after actuation of the actuator
device;

FIG. 16a is a cross sectional side view of a further embodi-
ment of disposable assembly taken along a longitudinal axis
thereof illustrating a further alternative disabling mechanism
in the form of an expandable U-shaped member and its posi-
tion within the channel of the assembly before actuation of the
actuator device;

FIG. 165 is a perspective view of the assembly of FIG. 165
showing the hidden detail of the U-shaped member;

FIG. 16¢ is a side view of the assembly of FIG. 16a show-
ing the direction of expansion of the U-shaped member after
actuation of the actuator device;

FIG. 16d is a perspective view of the assembly of FIG. 16a
and actuator device of FIG. 134 (illustrated in part) shown
here in cross section taken along a longitudinal axis of the
assembly and actuator device, illustrating the position of
internal components prior to actuation of the actuator device;
and

FIG. 16¢ is a view similar to FIG. 164, illustrating the
position of internal components and the actuator device after
completing an actuation cycle.

DETAILED DESCRIPTION

FIG. 1 illustrates a reusable drug delivery or actuator
device (10), with a packaged drug assembly (100) fitted
thereto. The drug delivery device or actuator device (10) and
packaged drug or assembly (100) are generally in the shape of
apencil and mushroom respectively. The drug delivery device
(10) generally comprises the following components:

i) a housing (12);

i) a compression spring (14) for generating a force capable of
pushing a drug (16) from a packaging (18) into a human or
animal body;

iii) an elongate bar or impact hammer (20) for transmitting
said force to push the drug (16) from the packaging (18)
into the human or animal body;

iv) an opening (22) in the delivery device (10) at a leading end
thereof for receiving the packaged drug (100);

v) a means (24) for priming the actuator device; and

vi) a means (38,42b) for triggering the actuator device.

In the context of the present invention it is important to
appreciate that:

1. The packaged drug (100) is an assembly (200) which may
be disposed of after a single actuation cycle;

2. The drug delivery device or actuator device (10) can be
reused for many actuations although there are certain
applications where both the actuator device (10) and
assembly (200) may be thrown away after a single actua-
tion cycle;
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3. The opening (22) and lower chamber (30) of the actuator
device (10) allow the assembly (200) to be operatively

connected to the actuator device (10).

In the embodiment shown in FIG. 1, the actuator device
(10) is primed and triggered, i.e. actuated, in a single action.

The actuator device (10), which may be absent of the
packaged drug (100), is spring powered. It can deliver the
drug or a formulation containing a therapeutic compound
(hereafter drug) in a solid, semi-solid or liquid form. By
altering the form of the assembly (100), it may be used to
either deliver drugs through a retractable needle, behind a
pioneer projectile (FIG. 3), or it can also be used to deliver a
solid drug splinter. Furthermore it can be used to operate a
lancet.

Looking at the actuator device (10) in more detail it com-
prises a number of components which are readily assembled
and easily sterilised making manufacture cheap.

The body of the actuator device (10) comprises a three part
housing (12) including a firsthousing component (12a) defin-
ing a trailing barrel (28) which houses the compression spring
(14), a second housing component (125) defining a leading
barrel (30) which houses the packaged drug or assembly
(100) and the means (20) for transmitting the force to push the
drug (16) from its packaging (18). The first and second hous-
ing components (12a; 126) connect to one another, and a third
housing component (12¢), which preferably takes the form of
a screw cap (32), fits over the end of the first housing com-
ponent (124) to close off the trailing barrel (28).

Within the upper barrel (28) is fitted the compression
spring (14) for generating the force capable of pushing the
drug (16) from its packaging (18). In the embodiment shown
in FIG. 1, the compression spring (14) can generate a force of
from about 10-40 N, more preferably 15-35 N and most
preferably 18-31 N. Where the skin piercing element is a
lancet it is likely that the required spring force from the
actuator device (10) will be lower than the required spring
force for a drug application because of the sharper pointon a
lancet, the smaller diameter of a lancet compared to a drug
and a more superficial penetration of the skin with a lancet
compared to a drug injection. The compression spring (14) is
connected at a leading end to a spring follower (36) which is
slidably mounted in the upper barrel (28). At a trailing end of
the spring (14) is located a compression bar (34) which pro-
vides a contact surface against which the spring (14) can act.
By screwing or unscrewing the cap (32) from the housing
component (12a) the spring (14) can be caused to compress or
relax thereby providing a means for adjusting the force that
can be generated by the spring (14). In FIG. 1 the spring (14)
is shown at minimum pre-load.

The trailing barrel (28) and leading barrel (30) are sepa-
rated from one another by a wall (42) with a communicating
aperture (43) therein and it is on the upper surface (42a) of the
wall (42) that the spring follower (36) sits. The elongate bar
(20) for transmitting the force generated by the spring (14)
takes the form of an impact hammer (20) at a trailing end of
thebar (20a), the trailing end (20a) of the impact hammer (20)
passes through the communicating aperture (43) where it
contacts the spring follower (36). In use the impact hammer
(20) slides through the communicating aperture (43) pushing
the spring follower (36) to the trailing end of the actuator
device (10) causing the spring (14) to be compressed thus
priming the actuator device (10).

Within the leading barrel (30) is housed not only the major-
ity of the impact hammer (20), but a slewing spring (44) and
a sliding piston (48) having an aperture (46) therein, such that
the lower barrel can operatively communicate with the pack-
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aged drug or assembly (100) which is secured to the device
via the opening (22) provided at the leading end (49) of the
actuator device (10).

Prior to actuation of the actuator device (10), the slewing
spring (44) functions to draw the longitudinal axis of the
impact hammer 20 off centre. This is shown most clearly in
FIG. 2a. However, the impact hammer (20) is adapted by way
of a shaped shoulder region (38), (which in a preferred
embodiment is substantially frustoconical, as illustrated) to
be drawn into axial alignment with the aperture (46) in the
sliding piston, against the action of the slewing spring (44),
such that when it is fully primed the actuator device (10)
automatically actuates. Accordingly, the lowermost surface
(42b) of the wall (42) is shaped to receive the shaped shoulder
region (38) of the impact hammer (20) and cause the impact
hammer (20) to be axially aligned with the aperture (46) in the
sliding piston (48) such that the impact hammer (20) is driven
by the spring (14) through the aperture (46) in the sliding
piston (48) where it contacts a drive pin (108) or other element
causing the drug (16) or in alternative embodiments e.g. a
lancet to be pushed out of its packaging (18) into the human
or animal. In contrast with the FIG. 1 embodiment it should
also be noted that the leading end (20a) of the impact hammer
(20) graduates to a point (being substantially conical) and is
seated in a similarly shaped recess (36a) in the spring fol-
lower (36). The shaping of the leading end (20a) of the ham-
mer (20) and the provision of the similarly shaped recess
(36a) in the spring follower (36) further improves reliability
of actuation.

By comparison of FIG. 2a with FIGS. 25 and 2¢ it will be
apparent that once a packaged drug or other disposable
assembly (100) has been attached to the leading end (49) of
the actuator device (10), the assembly (100) and actuator
device (10) can be actuated by a user holding the actuator
device (10) about the housing (12) and pressing the assembly
(100) firmly against the patients skin. This causes the pack-
aged drug or other disposable assembly (100) to slide up the
lower chamber (30) pushing the piston (48) which in turn
pushes the impact hammer (20). As it does so the upper end
(20q) of the impact hammer pushes against the spring fol-
lower (36) causing the spring (14) to be compressed until the
necessary drive force is reached. This is at the point illustrated
in FIG. 2b. At this point the shaped shoulder region (38) is
drawn into the shaped lowermost surface (4256) of wall (42),
the action of the slewing spring (44) is countered, the spring
(14) is fully charged or compressed and the impact hammer
(20) axially aligned with the aperture (46) in the sliding piston
(48) such that it will automatically actuate, the spring (14)
forcing the impact hammer (20) through the aperture (46) in
the piston (48) causing it to push the drive pin (108) which in
turn, depending on the mechanism employed in the assembly
(100) (see FIG. 3) causes the drug to be dispensed or a needle
or lancet to pierce the skin. Significantly the longitudinal axis
of'the impact hammer can’t be aligned with the aperture (46)
in the sliding piston (48) until a set actuating force is reached
which is set to coincide with the point at which the shaped
shoulder region (38) contacts the shaped lowermost surface
(42b) of wall (42) thus providing a safety mechanism against
accidental actuation. When the set actuating force is reached,
triggering is automatic and the actuator device (10) is actu-
ated (FIG. 20¢).

It should be noted that on actuation of the actuator device
(10) and assembly (10), the hammer (20) moves a short dis-
tance, less than 10 mm, more preferably less than 5 mm and
typically about 3 mm before impacting the drive pin (108) and
therefore moves (say) approx 5 mm before the pioneer pro-
jectile (110) strikes the skin. This means that the maximum
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force and impact are all in the first few millimetres of travel,
when the maximum force is required to pierce the skin.
Through the rest of the delivery, the force is reducing as the
main spring (14) power is diminishing and also the slewing
spring (44) is being compressed (FIG. 2¢). This means that
the force tapers off during the second half of the delivery
when less force is required.

Therefore the force profile through the whole delivery
matches the requirements, i.e. a high force and impact to
pierce the skin and then a reduced force to push the injectate
into the skin.

In the case of a reusable actuator device (10) the packaged
drug or other disposable assembly (100) is removed from the
actuator device 10 and discarded. The slewing spring (44)
will assist in this action. As the packaged drug or other dis-
posable assembly (100) is removed from the device the slew-
ing spring (44) acts to draw the impact hammer (20) so that it
is not axially aligned with the aperture (46) in the piston (48)
and the device (10) is ready to receive a new packaged drug or
other disposable assembly (100).

It is not possible to actuate the actuator device 10 for a
second time until the drug package or other disposable assem-
bly (100) has been partially withdrawn from the device and
the slewing spring (44) has drawn the impact hammer (20) so
that itis not axially aligned with the aperture (46) in the piston
(48).

Such an actuator device (10) and assembly (100) can be
used to dispense a drug in a variety of different forms depend-
ing on how itis packaged. Samples may also be taken and the
device (10) may thus be used to operate an assembly (100)
having a needle lancet, for example. In this case the generat-
ing force may be reduced by using a weaker spring (14).

Referring now to FIG. 3, the assembly (100) containing a
drug takes the form of an end piece which is adapted to be
slidably mountable in the actuator device (10). The packaging
(18) takes the form of'a two-piece housing (184, 18b), thereby
simplifying construction and assembly. A first housing ele-
ment (18a) is in the shape of a hollow inverted “T” and
comprises aregion (210) (the stem of the “T””) which serves in
use to slidably engage the device (10) allowing the assembly
(100) to slide up the leading chamber (30) of the actuator
device (10), and a “cross piece” against which the second
element (185) abuts. A central channel (106) runs through the
middle of the stem exiting at the crosspiece. The second
element (185) comprises an end (104) which is shaped to
tension the skin. The second element (185) is also substan-
tially the shape of an inverted T and has a channel (1065)
running down the centre axis of the inverted T. The respective
channels (106a,1065) communicate with one another to form
a single channel (106) which runs right through the assembly
(100). The channel (1065) houses a pioneer projectile (110)
and the drug (16) or a drug splinter (effectively 110,16), the
skin contacting end of which is set a few millimetres in from
the skin tensioning surface of the device to ensure it is moving
at the requisite speed when it contacts the skin. It also houses
the leading end (1085) of the drive pin (108). At the end
remote from the skin tensioning surface (104) the channel
(1065) opens out to house a resilient member e.g. a spring
(114). The placing of a resilient member under the head
(108a) of the drive pin (108) allows the drive pin (108) to be
withdrawn back into the housing immediately after actuation.
The drive pin (108) is slidably mounted in the channel (106)
so that when the head (108a) is depressed by the hammer (20)
of'the actuator device (10) the drive pin (108) moves down the
channel (106) pushing the pioneer projectile (110) and drug
(16) from the channel (1065) through an opening 107 into the
human or animal body. The pioneer projectile (110) and drug

10

15

20

25

30

35

40

45

50

55

60

65

16

(16) are held in place in the channel (1065) by, for example, a
breakable membrane (not shown) or appropriate frictional
means e.g. one or more markings or splines on either the
pioneer projectile (110), drug (16) and or channel (1065)
surface.

Having described the actuator device (10) and one embodi-
ment of a prior art cassette (100) (disposable assembly) we
turn to a detailed description of the disposable assemblies of
the present invention.

Referring initially to FIGS. 4a and 45 it will be noted that
the disposable assembly (200) of the present invention com-
prises;
iahousing (250) configured to allow operative connection to

the actuator device (10); the housing having a channel

(106) adapted to receive a skin piercing element (110; 16)

such that on actuation of the actuator device the skin pierc-

ing element is, at least in part, displaced from an end (107)

of the housing to penetrate the skin;
and
il an indicating and/or disabling mechanism (240); the indi-

cating mechanism signalling when the assembly has been
used and the disabling mechanism rendering the assembly
disabled, after actuation of the actuator device.

The assembly (200) is generally mushroom shaped having
an elongate cylindrical stem portion 210 which defines a
section of the channel 106 and the head of the mushroom
shaped assembly defining a skin contacting component 104.
The channel (106) defines a through passageway, running
from a trailing end 1064 of the stem 210 where it engages with
the actuator device 10, through the skin contacting compo-
nent 104. The passageway terminates at both ends of the
channel with a stem opening 205 at a trailing end of the stem
210 for receiving the impact hammer (20) into the channel
(106) and with an opening 107 at the end (1065) of the
housing through which the skin piercing element 110 is
pushed by the action of the actuator device 10.

The disabling mechanism (240) forms part of the housing
(250) and comprises a first actuatable member (212), more
specifically a release plunger, which when acted upon during
the actuation of the actuation device 10, is moved from a first
position (A) (in which it acts as a locking member by acting
as a stop to a second actuatable element (216), more specifi-
cally a slide detent) to a second position (B) in which it leaves
the second actuatable member (216) free to move from a first
position (C) to a second position (D) under the action of a
resilient member (218), more specifically a compression
wing spring, which is prevented from exerting it’s force until
the disposable assembly (200) is at least partially withdrawn
from the device (10).

Preferably, the housing 250 is manufactured from a mini-
mal number of components to simplify assembly. In a pre-
ferred embodiment only two main components are required,
and indeed it would be possible to have a single piece, hinged
about the channel axis. The two components are a first, stem
forming, housing element (18a) and a second, skin contact-
ing, housing element (185). The additional components form-
ing the disabling mechanism (240) may be an integral part of
the housing (250) and in the embodiment referred to above
comprise a first actuatable member (212) and a second actu-
atable member (216) having associated therewith a resilient
member (218).

Importantly, part of the housing ‘alters shape’ after actua-
tion of the actuator device 10 such that the assembly 200
cannot be actuated again as the assembly 200 will no longer
operatively connect to the device 10.

Because the assembly has been designed for use with the
ImplaJect™ actuator device (10) the disposable assembly
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(200) is shaped as an inverted “T”” when viewed in transverse
section, the cross piece (184) forming the skin contact surface
(104) and the outer surface (204) of the stem (210) serving as
the male mating member for insertion into the female mating
member (opening) of the device (10). Referring back to FIGS.
1 and 2 this is the opening (22) of the lower chamber (30) of
the actuator device 10.

Inuse the assembly 200 is fitted to the ImplaJect® actuator
device 10 by sliding the stem (210) into the opening (22) of
the device (10). Actuation of the actuator device 10 causes the
first actuation member (212) to be depressed from position A
to position B. Then, after actuation of the actuator device 10,
the second actuation member (216) is able to move from
position C to D under the influence of resilient member (218)
causing a section (206) of the stem (210) to expand radially (r)
such that the assembly 200 can not be operatively refitted into
the device (10) on further occasions.

FIGS. 5a-5¢ illustrate a second embodiment of this first
approach. In this embodiment the assembly (200) is illus-
trated in part cross section only. It also comprises a substan-
tially T shaped housing (250) comprising a cross piece (185)
providing a skin contacting surface (104) and a stem (210) for
inserting the assembly (200) into an actuating device. An
outer surface (204) of the main stem (210) serves as the male
mating member for insertion into the female mating member
(opening 22) of the device (10).

In this embodiment the main stem (210) of the assembly’s
housing includes a through aperture (209) or apertures at or
near it’s juncture with the cross piece (185).

The channel (106) houses a needle (220) or other skin
piercing or skin entering element which in use is temporarily
pushed out of the opening (107) at the end (1065) of the
assembly (200). It is pushed by the action of, for example, the
hammer 200 of the Implaject® actuator device (10) acting on
the head (108a) of a drive pin (108) or some similar element
such as the needle (220).

An actuating member (216), which in the example takes
the form of a sprung or hinged ring, is seated in the channel
(106) in a first position “E”. In this position it is held in a
compressed or folded state due to the restraining effect of the
channel forming innermost walls of the stem (210). However,
when the device is actuated a force acts upon the head (1084)
of drive pin (108) and pushes the drive pin and needle (108/
220) down the channel (106) beyond opening (107) and into
a patient. At the same time, the actuating member (216) is
slidably moved down the channel until at the delivery point,
position “F” (FIG. 55), it is aligned with the aperture (209) in
the stem (210) and partially expands into the aperture such
that it is unable to move back up the channel (106) as the
needle (220) is retracted by the action of a return spring (226).
In this position it is unable to fully expand because the outer
surface (204) of the stem wall (210) is in abutment with the
inner wall of the device (10). However, after actuation of the
assembly by the actuator device 10 the actuating member
(216) is able to fully expand, such that it extends beyond the
aperture (209) preventing the disposable assembly from
being refitted into a device to an extent necessary for further
use.

In a third embodiment there is provided an assembly (200)
and a disabling mechanism (240) which causes the needle,
after use, to be automatically locked in a position such that it
is precluded from leaving either end of the channel (106), but
in particular it is prevented from leaving the end (1065; 107)
of'the channel on subsequent attempts to actuate the actuator
device (10).

One way of achieving this is illustrated in FIGS. 6a-6¢. In
this embodiment the stem wall (210) of the assembly is pro-
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vided with a pair of actuatable members (2125; 2165). These
actuatable members are biased to move into the channel (106)
but are prevented from doing so until the device is actuated by
opposing channel bridging members (232, 234) which act
against the actuatable members until they are moved there-
from during the act of actuation. In fact, the head (108a) of
drive pin (108) acts as the first channel bridging member
(232) and a plastic ring member acts as the second (234)
channel bridge member. The spacing (S) between the actuat-
able members and the relative size (S1) of the first channel
bridging member is significant as will be apparent from the
explanation given below:

Thus, in a first position, (FIG. 6a) the channel bridging
members (232, 234) act against the actuatable members
(21254; 2165). However, when the assembly is acted upon by
actuation of device (10), and the impact of hammer (20)
contacts the head (1084) of drive pin (108), the drive pin and
needle (108/220) are pushed down the channel (106) such that
the uppermost channel bridging member (232) no longer
resists the natural bias of the first actuatable members (2125)
and thus it moves inwardly into the channel to act as a stop
preventing reuse.

Similarly, the pin head (108a) draws bridging member
(234) down the channel (106) but as the head (108a) does so
it acts against the second actuatable member (2165) prevent-
ing it from moving inwardly into the channel during mid
injection. However, as the drive pin and needle (108/220) are
retracted by the action of return spring (226) (FIG. 6¢), pin
head (108a) moves back up the channel such that it no longer
counters the second actuatable member (2165) which moves
inwardly of the channel. The drive pin (108) which may be
attached to a traditional needle is thus retained between the
two actuated members (2124; 2165).

Further embodiments of the assembly of the present inven-
tion will now be described with reference to FIGS. 7 to 16.
Similar features of the invention will be designated with the
same reference numerals.

Referring initially to FIGS. 7a, 7b and 8, there is shown an
actuator device 10 and assembly 200 of the present invention.
In this embodiment, the assembly 200 includes a pioneer
projectile as the skin piercing element 110. The assembly
200, in particular shows the skin contacting component 104
having a primary skin tensioning surface 207 located at the
leading end of the assembly 200 such that it is the first area of
the assembly 200 to contact the surface of the patient’s skin
and a secondary skin tensioning surface 208, located adjacent
the primary skin tensioning surface 207. The primary skin
tensioning surface 207 is a truncated cone shape, tapering
towards the leading end of the assembly 200. The secondary
skin tensioning surface 208 continues from the cone, flaring
outwardly and towards a trailing end of the assembly into the
shape of the head of a mushroom.

During use and actuation of the actuation device 10, the
cone 207 is pressed against the patient’s skin creating tension
in the patient’s skin at and around the point of entry of the
pioneer projectile. This tensioning, local to the point of entry
of'the pioneer projectile into the skin, stimulates nerve ends at
and around the area of contact between the cone 207 and the
patients skin making the patient’s skin less sensitive to the
pioneer projectile, thus reducing the patient’s discomfort
caused by piercing of the skin by the pioneer projectile 110.

The tensioning of the skin local to the point of entry of the
pioneer projectile 110 also reduces the skin thickness at the
point of entry of the pioneer projectile making it easier for the
pioneer projectile 110 to penetrate the skin. As such, the skin
tensioning local to the point of entry of the pioneer projectile
110, created by the action of pressing the cone shaped surface
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207 against the patient’s skin, allows the use of a reduced
force by the actuator device 10 than would otherwise be
required, further reducing the discomfort which would be
caused to the patient by using a conventional syringe with
needle.

To create the proper tension in the patient’s skin the trun-
cated face of the cone 207 should be of an area greater than the
skin contact area of the pioneer projectile. In this embodi-
ment, the diameter of the truncated cone 207 is 3 mm. The
curved surface of the cone 207 progressively flares outwardly
from the truncated end thus gradually increasing the contact
area with the patient’s skin. This helps stimulate nerve ends
over a greater area of the patient’s skin.

The mushroom shaped secondary skin tensioning surface
208 has a larger skin contact area than that of the cone shaped
primary skin tensioning surface 207. The mushroom surface
208 spreads the tension created in the skin by the cone 207
over a larger area of the skin thus even further reducing the
discomfort of the patient.

The skin contact surface area of the cone 207 and mush-
room 208 is dimpled to provide a roughened contact surface
area to improve the tensioning of the skin by the skin contact-
ing component 104.

Referring now to FIGS. 9a to 94, there is illustrated another
embodiment of disposable assembly 200 showing a com-
bined disabling and indicating mechanism 240.

There is located along a midportion of the channel 106 a
tapered section 231 which tapers towards the leading end of
the assembly 200 thus narrowing the channel 106 along the
tapered section, after which the channel 106 reverts back to its
original diameter. The drive pin 108 has actuable members in
the form of flexible fins or wings 108¢ located on the trailing
end 108a of the shaft of the drive pin 108 and flaring towards
the trailing end of the assembly 200. During actuation of the
actuator device 10 and assembly 200, the drive pin 108 is
pushed by the hammer 20 along the channel 106 and through
the tapered section 231. On travelling through the tapered
section 231, the flexible wings 108¢ are compressed inwardly
by the tapered walls of the channel 106 so that the drive pin
108 may travel beyond the tapered section 231. Once the drive
pin 108 is clear of the tapered section 231, the flexible wings
108¢ expand outwardly to contact the inner wall of the chan-
nel 106. At this stage, the assembly 200 has been fully actu-
ated by the actuator device 10, the pioneer projectile has
penetrated and entered the patient’s skin and the leading end
1084 of the drive pin 108 protrudes from the opening 107 at
the end (1065) of the housing 250. After actuation of the
assembly 200 and actuator device 10, the drive pin 108 is
prevented from retracting back into the channel 106 as the
wings 108c¢ engage the tapered section 231 which acts as a
stop member. In this way, the assembly 200 can not be
reloaded with another drug and needle or pioneer projectile,
thus disabling the assembly 200. Furthermore, the protrusion
of the drive pin 108 from the opening 107 makes it visually
clear to a user that the assembly 200 has already been used
and will appropriately dispose of the used assembly 200 and
replace it with an unused assembly 200. In this way, the
disabling mechanism may also act as an indicating mecha-
nism.

FIGS. 10a to 10i illustrate an alternative disabling and
indicating mechanism 240.

Referring initially to FIG. 10a which illustrates the assem-
bly 200 prior to actuation of the actuator device 10, there is
shown a two tiered collar system 251 located at the leading
end of the stem 210 adjacent the skin contacting component
104. The two tiered collar system 251 comprises a first ring
collar 252, which is slidable within a larger diametered sec-
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ond ring collar 254 which is fixed to the mushroom shaped
skin contacting component 104. The diameter of each first
and second ring collars 252, 254 is greater than the diameter
of the stem 210.

During actuation of the assembly 200 and actuator device
10, the actuator device 10 slides along the stem 210 and
impacts the first ring collar 252 sliding it within the second
ring collar 254. After actuation of the actuator device 10, and
as the actuator device 10 slides back along the stem 210 to its
original position, it exposes resilient wings 256 which were
first covered and restrained by the first ring collar 252 prior to
actuation of the actuator device 10 and subsequently
restrained by an inner wall of the actuator device 10 on
actuation. Without the restraining effect of the first ring collar
252 or actuator 10, the wings 256 flare towards the trailing
end of the assembly 200. This is shown most clearly in FIGS.
104 and 107

If actuation of the actuator device 10 is attempted for a
second time, the flared wings 256 act as stop members pre-
venting the actuator 10 sliding along the length of the stem
210 to actuate, thus disabling the assembly 200. This is shown
most clearly in FIGS. 10/ and 10i.

The flared wings 256 also make it visually clear to a user
that the assembly 200 has already been used and thus the user
will dispose of the used assembly 200 appropriately and
replace it with an unused assembly 200. In this way, the
disabling mechanism may also act as an indicating mecha-
nism.

FIGS. 11a to 11e illustrate a similar disabling and indicat-
ing mechanism 240 as described above and illustrated in
FIGS. 10a to 10i. In this embodiment, the wings 256 describe
an S shaped configuration when viewed in the direction along
the longitudinal axis of the stem 210.

FIGS. 12a to 12 illustrate another disabling and indicating
mechanism 240 similar to that described above and illustrated
by FIGS. 10a to 10i. In this embodiment, the resilient wings
256, which are similar in configuration to those described
above and illustrated by FIGS. 10a to 10/ are attached to and
folded about a cylindrical shaped member 258 which sits
within the stem 210 remote from the skin contacting compo-
nent 104 prior to actuation of the actuator device 10. The
wings 256 are restrained in the folded position by the inner
wall of the stem 210.

During actuation, motion of the drive pin 108, by the actua-
tor device 10, slides the cylindrical shaped member 258 along
the length of the stem 210 until the cylindrical member 258
reaches and enters the apertures 260 in the wall of the stem
210 adjacent the skin contacting component 204. At this
stage, an inner wall of the actuator device 10 restrains the
wings 256 in their folded position.

After actuation of the actuator device 10, the actuator slides
back along the stem 210 to its original position. The cylindri-
cal member 258 is prevented from sliding back along the stem
because the wings are held in the apertures 260. After the
actuator device 10 clears the apertures 260, the resilient wings
256 are exposed and without the restraining effect of the inner
wall of the stem 210 or actuator device 10, the wings 256
extend through the apertures 260 in the stem wall 210 of the
assembly 200.

If actuation is attempted for a second time, the extended
wings 256 act as stop members preventing the actuator 10
sliding along the length of the stem 210 to actuate, thus
disabling the assembly 200. This is shown most clearly in
FIGS. 12¢ and 12f

The extended wings 256 also make it visually clear to a
user that the assembly 200 has already been used and thus the
user will dispose of the used assembly 200 appropriately and



US 9,072,472 B2

21

replace it with an unused assembly 200. In this way, the
disabling mechanism may also act as an indicating mecha-
nism.

Referring to FIGS. 13 to 15, there are illustrated further
embodiments of disposable assembly 200 showing alterna-
tive indicating mechanisms 240.

In the embodiment exemplified in FIGS. 13a to 13i, the
indicating mechanism 240 is a cylindrical cardboard section
which forms the stem 210 of the assembly. The cardboard
section 210 has a weakened or pre-folded portion 2104 indi-
cated by the dashed lines and which crumples on engagement
with the moving drive pin 108 during actuation of the actuator
device 10. This is shown most clearly in FIG. 13/4. On
removal of the assembly 200 after actuation the stem 210 is
crumpled along the weakened portion 210a, thus clearly illus-
trating that the assembly 200 has been used.

In this embodiment, the actuator has a disposable elongate
cylindrical portion 202 for receiving the assembly 200. This
notonly helps protect the weakened stem 210 but may also be
disposed of after actuation preventing cross contamination of
the actuator device with other disposable assemblies 200.

In FIG. 14a, a cardboard cover surrounds the stem 210 of
the assembly 200 and crumples completely on engagement
with the actuator device during actuation, thus visually illus-
trating when the assembly has been used, the assembly shown
here prior to actuation.

The assembly 200 is also embossed along a length of the
outer wall of the stem 210 with a fluorescent “used” sign
which is revealed when the cardboard cover is crumpled, thus
further aiding visual recognition that the assembly has been
used.

FIG. 15aq illustrates the use of a frangible seal 270 covering
the stem opening 205. On insertion of the assembly 200 into
the actuator device 10, the hammer 10 punctures the seal 270.
After actuation and removal of the assembly 200 from the
actuator device 10, the punctured seal 270 is a clear visual
indication that the assembly has been used.

Referring to FIGS. 16a to 16¢, there is illustrated a further
embodiment of disposable assembly 200 showing an alterna-
tive disabling mechanism 240.

In this embodiment, the stem 210 is made of a deformable
material, for example, cardboard. In a similar fashion to the
embodiment described in FIGS. 13a to 13/, a disposable
elongate cylindrical portion 202 for receiving the assembly
200. This not only helps protect the weaker walled stem 210
but may also be disposed of after actuation preventing cross
contamination of the actuator device 10 with other disposable
assemblies 200.

During actuation of the assembly 200 and actuator device
10, the drive pin 108 impacts a flexible, generally unshaped
arm 280 located in the channel 106 causing it to expand. After
withdrawal of the assembly 200 from the cylindrical portion
202, the expanded flexible arm 280 expands a portion of the
weaker walled stem 210 in immediate contact therewith radi-
ally outwardly. This enlargens the diameter of the stem 210 at
this expanded portion preventing re-insertion of the assembly
200 into the elongate cylindrical portion 202.

It will be appreciated that the invention is not limited to the
embodiments hereinbefore described but may be varied in
both construction and detail within the scope of the appended
claims.

Furthermore, the skilled reader will appreciate that the
principles described may be applied to generate alternative
embodiments and these form part of the invention. In particu-
lar, it is possible to combine any of the aspects described in the
above described embodiments.
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It will be further appreciated that the assembly 200 of the
present invention may be used in other areas of technology
where it is required to penetrate a substrate or skin with a
piercing element. For example, it is envisaged that the assem-
bly 200 may be used with a suitable actuator in the construc-
tion industry. In this case, the skin or substrate may be con-
crete, wood or steel, and the skin piercing element may be a
nail. Whilst the skin contacting component may be made
redundant in this specific area of technology, the indicating
and disabling mechanisms would operate in a similar fashion.

The invention claimed is:

1. An assembly in combination with a mechanical actuator
device therefore, the assembly comprising:

a housing having a proximal end and a distal end, the
housing further having an opening to allow operative
connection to the mechanical actuator device, a stem for
engaging the mechanical actuator device and a channel
within the stem, said channel containing:

a skin piercing element that, prior to actuation of the
mechanical actuator device, is positioned inside the
housing such that it is unable to penetrate the skin and,
upon actuation of the mechanical actuator device the
skin piercing element is, at least in part, displaced from
the distal end of the housing to penetrate the skin; and

a drive pin or needle shaft in communication with the
mechanical actuator device and the skin piercing ele-
ment; and

an indicating mechanism that signals when the assembly
has been used; the indicating mechanism being visible
on the stem; and

wherein the opening is located at the proximal end of the
housing; and

wherein the indicating mechanism is located on the drive
pin or needle shaft and, wherein the mechanical actuator
device comprises a driving means for displacing the skin
piercing element from the distal end of the housing upon
actuation of the mechanical actuator device.

2. The combination as claimed in claim 1, wherein the stem

defines at least a portion of the channel.

3. The combination as claimed in claim 1, wherein the skin
piercing element is temporarily displaced from the end of the
housing.

4. The combination as claimed in claim 1, wherein the
assembly includes a resilient member located in the channel
for retracting the skin piercing element or drive pin back into
the housing after actuation of the mechanical actuator device.

5. The combination as claimed in claim 1, wherein the skin
piercing element is a needle, or a plurality of needles.

6. The combination as claimed in claim 5, wherein the
needle is a capillary needle, or a lancet, or a solid needle, or a
tine needle.

7. The combination as claimed in claim 1, wherein the skin
piercing element is a pioneer projectile or a drug splinter.

8. The combination as claimed in claim 1, wherein the
indicating mechanism is combined with a disabling mecha-
nism and the disabling mechanism comprises at least one
actuatable member.

9. The combination as claimed in claim 8, wherein the at
least one actuatable member extend in a lateral direction
across the channel after actuation of the actuator device pre-
venting a second actuation of the actuator device.

10. The combination as claimed in claim 9, wherein the at
least one actuatable member extend outwardly of the stem
wall to restrict the actuator device sliding along a length of the
stem.
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11. The combination as claimed in claim 9, wherein the at
least one actuatable member extend inwardly of the stem wall
to restrict movement of the skin piercing element or drive pin.

12. The combination as claimed in claim 8, wherein the at
least one actuatable member are located on a shaft of the skin
piercing element or drive pin, which after actuation of the
actuator device extends outwardly from the needle or drive
pin to engage a stop member within the stem which prevents
the needle or drive pin being withdrawn back into the assem-
bly.

13. The combination as claimed in claim 8 wherein the
disabling mechanism prevents the assembly from being re-
used with the mechanical actuator device.

14. The combination as claimed in claim 1, wherein the
indicating mechanism is a deformable member located along
a length of the stem or across the channel, the deformable
member engagable with the actuator device or drive pin on
actuation of the actuator device.

15. The combination as claimed in claim 8, wherein the at
least one actuatable member is hinged or sprung.

16. The combination as claimed in claim 1, wherein a
disabling mechanism disables the assembly after first actua-
tion of the actuator device such that despite further attempts
of actuation of the actuator device, the skin piercing element
is inactivated such that it cannot leave the end of the housing.

17. The combination as claimed in claim 16, wherein the
disabling mechanism locks the skin piercing element within
the channel.

18. The combination as claimed in claim 16, wherein the
indicating and disabling mechanisms comprises a plurality of
actuatable members.

19. The combination as claimed in claim 18, comprising a
first actuatable member which is acted on by actuation of the
mechanical actuator device and a second actuatable member
which acts after actuation of the mechanical actuator device.

20. The combination as claimed in claim 19, wherein the
second actuatable member comprises integral resilient arms.

21. The combination as claimed in claim 19, wherein the
first actuatable member is a release plunger and the second
actuatable member is a slide detent.

22. The combination as claimed in claim 18, wherein
actuation of the second actuatable member causes all or a part
of the stem to expand radially outwards from the channel.

23. The combination as claimed in claim 1, comprising a
first and second actuatable members which form part of the
stem and which are biased to move towards the channel.

24. The combination as claimed in claim 23, further com-
prising first and second channel bridging members which,
prior to actuation of the actuator device, counter the first and
second actuatable members.
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25. The combination as claimed in claim 24, wherein the
first and second channel bridging members are respectively a
drive pin head and a ring member.

26. The combination as claimed in claim 1, wherein the
assembly comprises a skin contacting component located at a
leading end of the assembly remote from the mechanical
actuator device.

27. The combination assembly as claimed in claim 26,
wherein the skin contacting component has a primary skin
tensioning surface.

28. The combination as claimed in claim 26, wherein the
skin contacting component has a secondary skin tensioning
surface located intermediate the primary skin tensioning sur-
face and a trailing end of the assembly.

29. The combination as claimed in claim 1 wherein the
indicator mechanism is visible through an aperture in the
housing.

30. The combination as claimed in claim 1, wherein the
assembly is disposable.

31. A combination as claimed in claim 30 wherein the
mechanical actuator is reusable.

32. A single use combination device comprising a dispos-
able assembly as claimed in claim 30.

33. An assembly for use with a mechanical actuator device,
the assembly comprising:

a housing having an opening to allow operative connection
to the mechanical actuator device, an aperture and a stem
for engaging the mechanical actuator device and a chan-
nel within the stem, said channel containing:

a skin piercing element that, prior to actuation of the
mechanical actuator device, is positioned inside the
housing such that it is unable to penetrate the skin and,
upon actuation of the mechanical actuator device the
skin piercing element is, at least in part, displaced from
an end of the housing to penetrate the skin; and

a drive pin or needle shaft in communication with the
mechanical actuator device and the skin piercing ele-
ment; and

an indicating mechanism located on the drive pin or needle
shaft that signals when the assembly has been used; the
indicating mechanism being visible on the stem; and

wherein the indicating mechanism is combined with a dis-
abling mechanism located on the needle shaft or drive
pin, the disabling mechanism comprising at least one
actuatable member that engages with the aperture to
disable the assembly.
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